There is a strong rationale for using incretin-based therapies with insulin. In particular, hypoglycaemia is the limiting factor in glycemic management of insulin-treated patients of type 2 diabetes mellitus. The present study aimed at gaining greater understanding of the progression of cardiovascular degeneration in diabetes mellitus under combined treatment with vildagliptin and insulin through various analyses on cardiac tissues such as triphenyl tetrazolium chloride dye test. Experimental diabetic rats exhibited significantly lower TCA cycle enzyme and antioxidant defence enzyme activities with a concomitant increase in lipid peroxidation of the heart tissue. Monotherapy with either vildagliptin or insulin prevented these alterations in the oxidative energy metabolism and restored the TCA cycle enzyme activities to near normal in alloxan diabetic rats whereas the combined therapy altered mitochondrial enzyme levels significantly. These findings suggested that the toxic effects of the combinatorial therapy could be attributed to an increased oxidative damage and altered mitochondrial energy production, which might lead to progression of cardiovascular disease.
Adverse drug reaction (ADR) usually occurs with the long term use of a drug or sudden stoppage of drug use. Drug approval is given after many clinical trials but once they reach the market, only doctors can monitor these [1] .
Metformin monotherapy has been the initial treatment option for type 2 diabetes but as it produced a wide range of ADRs and difficulties to sustain glycemic control, combination therapy with drugs with complementary mechanism of action has become the main stay in the management of diabetes. Metformin is combined with other oral antidiabetic agents like thiazolidinediones, acarbose or insulin. Since metformin lowers plasma glucose without affecting insulin secretion it has been combined with sulphonylureas but as this combination substantially increased risk of hypoglycaemia, it became necessary to combine with more glucose sensitive agents, which resulted in a combination of dipeptidyl peptidase-4 (DPP-4) inhibitors together with insulin. Incretins are intestinal hormones secreted in response to ingestion of food through the gut, which in turn would increase glucose levels in the blood and enhance insulin secretion [2] . Vildagliptin, a DPP-4 inhibitor, enhances secretion of insulin and reduces blood glucose levels.
The cardiovascular system (CVS) controls the entire blood supply for the effective functioning of the body. When the CVS suffers degeneration, it leads to many complications, of which those occurring with a prevailing diabetic condition have been most widespread in India [3] . Reduction in the level of mitochondrial enzymes would lead to increase in the level of nicotinamide adenine dinucleotide phosphate hydrogen (NADPH) and other reactive oxygen species (ROS), which in turn will lead to cardiac tissue damage. Our findings demonstrated that insulin and vildagliptin downregulated levels of cardioprotective proteins in the myocardium suggest a possible role of GLP-1 in the context of decreased survival rate of rats.
Adult male Wistar rats weighing 150-200 g were used in the present investigation. Rats were housed in clean polypropylene cages and maintained under standard conditions (temperature 25±2° with dark/ light cycle 12/12h). Rats were fed with standard pellet diet (Hindustan Unilever, Kolkata, India) and water ad libitum. All procedures described were reviewed and approved by the Institutional Animal Ethics Committee, (IAEC No/03/006/2014). Diabetes was induced with a single dose (150 mg/kg; i.p.) of freshly prepared solution of alloxan monohydrate in normal saline in 18 h fasted rats. Hyperglycemia was confirmed by elevated glucose level in plasma determined at 48 h after injection. Rats with blood glucose levels above 250 mg/dl were considered diabetic and selected for the study.
Rats were divided into 5 groups consisting of 6 animals in each group. Group I rats received normal saline (1 ml/kg) and group II rats were administered with alloxan (150 mg/kg/d) intraperitoneally as a single dose to induce diabetes [4] . Group III diabetic rats were treated with vildagliptin (0.69 mg/kg) given orally as a single dose for 10 d [5] . Group IV diabetic rats were treated with insulin (0.27 IU/kg) administered intramuscularly as a single dose for 10 d [6] . Group V diabetic rats were treated with insulin (0.27 IU/kg) and vildagliptin (0.69 mg/kg) for 10 d. Animals were sacrificed by injecting sodium pentobarbitone and blood was collected in plain and heparinized tubes immediately after the sacrifice. Blood samples were centrifuged for 10 min at 2500 rpm, the serum separated has been stored at 4° until further investigations. Heart tissue was dissected out immediately and washed in ice-cold saline. Mitochondria were isolated according to the method of Johnson and Lardy [7] . Heart tissue was homogenised in ice-cold sucrose (0.25 M) and the homogenate was centrifuged at 600×g for 10 min. The supernatant was then centrifuged in a refrigerated Beckman J2-21 centrifuge at 10 000×g for 5 min. The pellet was taken and the supernatant was discarded.
The mitochondrial pellet was suspended in 0.25 M sucrose containing 10 mM Tris-HCl (pH 7.4) and 1 mM EDTA to a known volume (2 ml) and used for the following enzyme estimations. Thiobarbituric acid reactive substance (TBARS) was estimated according to the method of Tsai and Huang [8] , superoxide dismutase (SOD) [9] , catalase (CAT) using the method of Sinha [10] , glutathione peroxidase (GPx) [11] , glutathione reductase (GR) as per the method reported by Manervik [12] , and glutathione (GSH) [13] was assayed in tissue homogenate. The activities of isocitrate dehydrogenase (ICDH) [14] , α-ketoglutarate dehydrogenase (α-KGDH) [15] , succinate dehydrogenase (SDH) [16] , malate dehydrogenase (MDH) [17] and NADH dehydrogenase [18, 19] were estimated. Mitochondrial protein content was estimated using the method of Lie et al. [20] .
Triphenyltetrazolium chloride (TTC) test was used for the macroscopic enzyme mapping assay of the ischemic myocardium according to the method of Lie et al. [20] . The heart was washed rapidly in cold buffer to remove excess blood, taking care not to macerate the tissue. The excess epicardial fat was lightly trimmed off and the left ventricle was separated. The heart was transversely cut across the left ventricle to obtain slices no more than 0.1 cm in thickness. The heart slices were placed in a covered, darkened glass dish containing prewarmed 1 % TTC solution in phosphate buffer and the dish was put in an incubator heated between 37 and 40° for 30-45 min. The heart slices were turned over once or twice to make certain that it remained immersed and covered by 1 cm of the TTC solution. At the end of the incubation period, the heart slice was placed in a fixing solution, which not only fixed the tissue but also enhanced the colour contrast developed. Photographs were taken using 16x mega pixel digital camera at 1 feet distances for all the groups. Briefly, digital images of 5 slices in each heart were analysed using the NIH ImageJ 1.4 software. Heart damage was expressed as the ratio of the infarcted area (white area in the right side) to the area of the undamaged, contralateral hemisphere.
Results were expressed as mean±SEM. Statistical significance was determined by one-way analysis of variance (ANOVA) and Dunnett's post hoc test. For data processing SPSS data analysis software version 21.0 was used. The study revealed increased endogenous lipid peroxidation and decreased antioxidant enzyme activities in the heart as assessed by the analyses of SOD, CAT, GPx and GR in alloxan diabetic rats and the mild but significant decrease of these activities and significant increase in the levels of TBARS were noted in rats treated with a combination of vildagliptin and insulin. The levels were restored to normal in monotherapy conditions even in alloxan diabetic rats (figs. 1A-C and 2).
The alteration in the activities of ICDH, MDH, SDH and α-KGDH observed in alloxan diabetic rats was significant when vildagliptin or insulin was given as a monotherapy, however, there was a moderate increase when insulin was given as a monotherapy, whereas when insulin and vildagliptin were given in combination, a significant reduction was observed in the activity of these enzymes and a simultaneous reduced production of ATP to a level similar to that seen in untreated diabetic rats and this could be due to severity of cardiac damage occurred during combination therapy (figs. 3, 4A and B).
In control rats ( fig. 5A ) the cardiac tissue was bright red in colour with increased enzyme levels of SDH indicated that the tissues were healthy. In the diabetic A.
B.
C. . 5B) , the cardiac tissue was light pale red to greyish-yellow in colour indicating that the enzyme levels have reduced due to ischemia. In fig. 5C , vildagliptin monotherapy there was a pale grey coating on the ventricular part and it appeared dull red in colour showing that there was revival of cardiac tissue to some extent. In the fig. 5D , when insulin was given as a monotherapy the tissues appeared pale red in colour. Fig. 5E showed uncoloured fibrous scars turned to white ischemic myocardium, which clearly showed that during the combination therapy, the cardiac tissue was damaged and it had led to mitochondrial dysfunction with alteration of enzymes like SDH activities. The quantification of ischemic area in TTC mapping image showed in the fig. 6 .
Group
Oxidative damage to the biomolecules increases with the age and it is a major factor for degenerative disorders. Oxidative stress is a condition in which there is an increased production of free radicals and other lipid peroxidation products. This in turn will lead to the oxidant related reactions and cellular and organ damage [21] .
Diabetes is induced by alloxan by increased intracellular generation of ROS and together with the reduced product of alloxan, dialuric acid, which will cause inhibition of secretion of insulin. The imbalance between the level of ROS and the level of antioxidants in the body may lead to the oxidative stress which in turn will lead to tissue damage [22] . The level of TBARS has been significantly increased in the combinatorial therapy showing that there is a free radical production leading to ischemia. Mitochondrial superoxide overproduction takes place in diabetes, which in turn will lead to tissue damage as reported in earlier studies [23] . Normal cardiac functioning can be accomplished by supply of energy by cardiac mitochondria. The mitochondrial dysfunction is responsible for insulin resistance that takes place in various tissues including myocardial tissues [24, 25] .
The activities of various citric acid cycle enzymes like ICDH, α-KGDH, SDH, MDH and NADH dehydrogenase decreased in the experimentally induced diabetic rats, which was similar to what was reported earlier [26] . The alterations were restored back to normal level when vildagliptin was given as a monotherapy and there was a moderate increase in the cardiac energy level of the rats when insulin was given as a monotherapy. Whereas combination therapy reduced the levels of these enzymes and lowered ATP production to levels found under diabetic condition due NADPH is required for the antioxidant system for the proper functioning of the three major components, the GSH system, CAT and SOD [27] . The four enzymes involved in the production of NADPH in mammalian cells are glucose-6-phosphate dehydrogenase (G6PD), phosphoglycerate dehydrogenase, malic enzyme and ICDH. G6PD utilizes NADPH for many cellular activities and if it is inhibited the other processes requiring NADPH will be affected. Other enzymes in the body do not provide sufficient amount of NADPH required for the cellular activities. Impaired myocardial energy production will lead to decreased cardiac contractility and NAPH. Diabetic state in rats causes inhibition of respiratory chain activity leading to increased ROS production, which, in turn, impairs the mitochondrial protein import machinery, alteration of mitochondrial enzymes, assembly of respiratory chain complexes, and mPTP opening. This further exacerbates cellular oxidative stress and promotes cardiac damage.
Mitochondrial calcium regulation was totally impaired because of lack of sufficient energy, which in turn leads to cardiac dysfunction during combination therapy [28] . The oxidative stress is mostly regulated by AMP activated protein kinase in the endothelial cells. Reduction in the concentration of antioxidant enzymes took place during combination therapy of vildagliptin and insulin leading to delay in tissue repair. Decreased production of energy also led to an impaired mitochondrial calcium handling, which might have caused cardiac dysfunction. There is increasing evidence from preclinical and clinical studies supporting the adverse effects of vildagliptin and insulin therapy, for example as secondary findings, it has been found that there was lower diastolic and systolic blood pressure with a slightly higher heart rate after vildagliptin treatment [29, 30] . In another study, higher mortality rate was observed in the intensive treatment group, which failed to report significant reduction in major cardiovascular events, giving a notion that intensive therapy was associated with significant harm in high-risk patients [31] .
Findings of this investigation indicated that insulin and vildagliptin combined therapy downregulated the cardiac tissue antioxidants and mitochondrial enzyme activities in the ischemic myocardium, which suggested the negative role of this combination in diabetic condition. 
